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1

REDRIVER TO AUTONOMOUSLY DETECT
CABLE ORIENTATION

TECHNICAL FIELD

Example embodiments disclosed herein relate to control-
ling the operation of a circuait.

BACKGROUND

The mtegrity of signals travelling through a cable or the
traces of a printed circuit board may degrade because of loss
and inter-symbol interference, especially at relatively higher
frequencies. A redriver may be used to solve this problem.
A redriver applies equalization to compensate for channel
loss and outputs signals with a high differential voltage. This
may allow longer cables to be used and may promote

compliance with applicable protocols and cable/connector
standards.

However, a redriver may not be able to operate eflectively
if certain conditions arise. One of those conditions relates to
the orientation of a cable connected between a host proces-
sor (or power delivery (PD) controller) and a display,
smartphone, portable hard drive, keyboard, mouse, or other
device. In some cases, the host processor or PD controller
may not have an opportunity to inform the redriver of the
orientation of a cable 1n a timely manner after 1t 1s plugged
in. For example, there may be a finite time window within
which the host processor may accept (re)flashing of its
internal memory after power on. Consequently, 11 (re)flash-
ing does not occur within this time window, then a mal-
function may occur. The ability to rapidly detect of the
orientation of a connected cable may prevent such a mal-
function.

Another condition may arise during factory testing of a
host platform (e.g., mobile or portable device). In this
situation, a malfunction may occur i1f the orientation of a
plugged-in cable 1s not detected 1n a timely manner, espe-
cially during a period when the internal flash of the device
being tested has not yet been programmed. Without deter-
mimng the cable orientation, there may be no way to
configure the redriver at power-on reset (POR).

SUMMARY

A brief summary of various example embodiments 1s
presented below. Some simplifications and omissions may
be made 1n the following summary, which 1s intended to
highlight and introduce some aspects of the various example
embodiments, but not to limit the scope of the imvention.
Detailed descriptions of example embodiments adequate to
allow those of ordinary skill 1in the art to make and use the
inventive concepts will follow 1n later sections.

In accordance with one example embodiment, a redriver
chip includes a plurality of channels coupled to an interface,
a number of far end termination detectors and input signal
detectors coupled to the plurality of channels, and a con-
troller configured to determine an orientation of the interface
based on states detected by the number of detectors. The
controller 1s configured to determine that the interface 1s 1n
a lirst orientation when a first combination of states 1is
detected for the plurality of channels and to determine that
the interface 1s i a second orientation when a second
combination of states 1s detected for the plurality of chan-
nels. A first lane may include first and second channels of the
plurality of channels, a second lane may include third and
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2

fourth channels of the plurality of channels, and the redriver
may include at least two lanes including the first lane and the
second lane.

The first combination of states may include the first
channel and the second channel having a first state; and the
third channel and the fourth channel having a second state.
The second combination of states may include the first
channel and the second channel having the second state; and
the third channel and the fourth channel having the first
state. The first combination of states may include the first
channel having a first state and the second, third, and fourth
channels having a second state after a timer period has
expired, or the second channel having the first state and the
first, third, and fourth channels having the second state after
the timer period has expired.

The second combination of states may include the third
channel having the first state and the first, second, and fourth
channels having the second state after the timer period has
expired; the fourth channel having the first state and the first,
second, and third channels having the second state after the
timer period has expired. The first combination of states may
include the first, second, and third channels 1n a first state
and the fourth channel 1n a second state, or the first, second,
and fourth channels 1n the first state and the third channel 1n
the second state. The second combination of states may
include the first, third, and fourth channels 1n the first state
and the second channel 1n the second state, or the second,
third, and fourth channels i1n the first state and the first
channel in the second state.

The controller may output a stimulus and the number of
detectors 1s to detect the states 1n response to the stimulus.
The number of detectors may detect the states 1n response to
an externally applied stimulus. The number of detectors may
detect the states in response to low frequency periodic
signals (LFPS) or Loss of high frequency Signal (LoS)
signals. The second orientation of the interface may be a
tlipped version of the first orientation of the interface. The
controller may output at least one control signal to disable
one or more of the number of channels not 1n use for the first
ortentation or the second orientation. The controller may
output a notification signal to a processor or controller of a
host, the notification signal indicating that the interface 1s in
the first orientation or the second orientation. Each of the
first and second combinations of states may include a first
state and a second state, the {first state may correspond to
detection of a terminal resistor, and the second state corre-
spond to when a terminal resistor 1s not detected. The
interface may be a USB-C cable.

In accordance with another example embodiment, a
method includes detecting states of a plurality of channels
corresponding to an interface between a host system and a
device, determiming that the interface has a first orientation
when a {irst combination of states 1s detected for the plurality
channels, and determining that the interface has a second
orientation when a second combination of states 1s detected
for the plurality of channels, wherein the second orientation
of the interface 1s a thpped version of the first orientation of
the interface. Each of the first combination of states and the
second combination of states may include a first state and a
second state, the first state may correspond to detection of a
terminal resistor, and the second state may correspond to
when a terminal resistor 1s not detected.

In accordance with another example embodiment, an
apparatus includes a logic function or state table storing
information relating to a first combination of channel states
to a first orientation of an interface coupled between a host
system and a device and a second combination of channel
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states to a second orientation of the interface coupled
between the host system and the device; and a controller to
determine that the interface 1s in the first orientation when
the first combination of channel states 1s detected and to
determine that the interface 1s 1n the second orientation when
the second combination of channel state 1s detected, the
second orientation of the interface being a flipped version of
the first orientation of the interface. The controller may
output a notification signal to a processor or controller of the
host system or to the device indicating that the interface 1s
in the first or second orientation.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional objects and features of the mvention will be
more readily apparent from the following detailed descrip-
tion and appended claims when taken 1n conjunction with
the drawings. Although several example embodiments are
illustrated and described, like reference numerals 1dentily
like parts 1n each of the figures, 1n which:

FIG. 1 1illustrates an embodiment of system including a
redriver;

FIG. 2A 1llustrates an embodiment of the redriver coupled
to an interface, FIG. 2B 1llustrates a first orientation of the
interface, and FIG. 2C 1llustrates a second orientation of the
interface;

FIG. 3A 1llustrates another embodiment of the redriver,
and FIG. 3B illustrates an example of channel and cable
capacitances and termination resistors;

FIG. 4 illustrates an example of a state table for deter-
mimng orientation of the interface;

FIGS. SA and 5B illustrate examples of channel signals
for different interface orientations:

FIGS. 6A-6D illustrate examples of channel signals for
different interface orientations;

FIGS. 7A-7D illustrate examples of channel signals for
different interface orientations; and

FIG. 8 1llustrates an embodiment of a method for detect-
ing orientation of an interface.

DETAILED DESCRIPTION

It should be understood that the figures are merely sche-
matic and are not drawn to scale. It should also be under-
stood that the same reference numerals are used throughout
the figures to indicate the same or similar parts.

The descriptions and drawings 1llustrate the principles of
various example embodiments. It will thus be appreciated
that those skilled 1n the art will be able to devise various
arrangements that, although not explicitly described or
shown herein, embody the principles of the mmvention and
are included within 1ts scope. Furthermore, all examples
recited herein are principally itended expressly to be for
pedagogical purposes to aid the reader 1n understanding the
principles of the invention and the concepts contributed by
the 1nventor(s) to furthering the art and are to be construed
as bemng without limitation to such specifically recited
examples and conditions. Additionally, the term, “or,” as
used herein, refers to a non-exclusive or (1.e., and/or), unless
otherwise indicated (e.g., “or else” or “or in the alterna-
tive”). Also, the various example embodiments described
herein are not necessarilly mutually exclusive, as some
example embodiments can be combined with one or more
other example embodiments to form new example embodi-
ments. Descriptors such as “first,” “second,” “third,” etc.,
are not meant to limit the order of elements discussed, are
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generally interchangeable. Values such as maximum or
minimum may be predetermined and set to different values
based on the application.

FIG. 1 1illustrates an embodiment of a system 100 which
includes a host system 10 coupled to a device 30 by an
interface 20. The host system 10 includes a port 12, a
redriver 14, and a controller 16. The port may be a type
compatible with a connector on at least one end of the
interface 20. The redriver 14 may perform various opera-
tions including applying equalization to compensate channel
loss for purposes of outputting signals with a higher or
predetermined diflerential voltage. The controller 16 may be

an application processor (AP), a power delivery (PD) con-
troller, a central processing unit, or another type of logic for
managing operations in the host system.

The interface 20 includes a plurality of internal signal
lines for carrying signals between the host system 10 and the
device 30. The signals may be data signals, control signals,
or power signals, or a combination thereof. In one embodi-
ment, the interface may have ends with different types of
connectors 22 and 24 that are compatible with the port 12 1n
the host system 10 and a port 35 1n the device 30. In another
embodiment, the connectors 22 and 24 on the ends of the
interface 20 may be the same type. Examples of these
connectors include Umversal Serial Bus (USB) 3.0 or USB-
Type C (USB-C) connectors, Thunderbolt, Lightening, Dis-
play Port, and FireWire, and peripheral component inter-
connect express (PCle), as well as others.

The signal lines of interface 20 match the pin configura-
tions and protocols of the connectors and ports. In one
embodiment, the imterface and/or its connectors may include
a conversion circuit when the ports 22 and 24 correspond to
different protocols or standards. In one embodiment, both
connectors may be removably coupled to the ports of the
host system 10 and the device 30. In another embodiment,
one of the connectors may be fixed to a corresponding one
of the ports. Also, the interface 20 1s 1llustrated as a cable 1n
FIG. 1. In another embodiment, the interface may include
one or more traces or signal lines on a printed circuit board
or another type of interface for carrying signals between the
host system and device.

The device 30 may be any one of a vanety of types of
clectronic devices, including but not limited to computers,
servers, smartphones, cameras, media players, media con-
soles, televisions, displays, cable boxes, audio systems,
storage devices, or other types of electronic devices. In one
embodiment, the host system 10 may also be selected from
these types of electronic devices or may be a different type
of device. In one embodiment, device 30 may also include
a redriver or other circuit to perform equalization and boost
signal gain.

FIG. 2A illustrates an embodiment of a redriver 200
which may correspond to redriver 14 1n FIG. 1. As shown 1n
FIG. 2A, the redriver 200 includes a plurality of lanes 205
arranged to carry signals between the controller 16 and port
22 of the host system. Each lane includes one or more
channels 210 coupled to controller 220. The channels 1n
cach lane may be unidirectional or bidirectional, or both. For
example, a unidirectional channel may carry signals from
the host system to a display corresponding to device 30, but
not 1n the reverse direction. A bidirectional channel may
carry signals in both directions between host system 10 and
device 30. In this embodiment, the redriver 200 includes two
lanes and four channels. In another embodiment, the redriver
may 1nclude a different number of lanes and/or channels, for
example, as determined by the communication protocol
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(e.g., USB-C, Thunderbolt, Lightning Bolt, FireWire, etc.)
of the mnterface and its connectors.

Each channel 210 1s coupled between one or more input
lines 230, ,  ,-and one or more output lines 240, , .
In one embodiment, each channel 1s coupled between N
input lines and M output lines, where each of N and M are
greater than or equal to one. The input lines and output lines
may themselves be single lines or may be arranged as
respective pairs of lines carrying differential Voltage values
(e.g., positive and negatwe) In this case, 1t 1s the voltage
difference between the pair of lines that corresponds to the
data, control, or power signals carried by the redriver. When
the redriver 1s incorporated within an integrated circuit chip,
the mput and output lines may correspond to respective
traces, pins, or ports of the chip.

The controller 220 includes a state table 222 and a signal
generator 224.

The state table 222 stores information for autonomously
determining the orientation of 1nterface 20 when connected
to the port 12 of the host system. In one embodiment, the
information may associate a number of orientations of the
interface with a number of states of the channels 210 for one
or more operational modes of the redriver and/or the host
system. The operational modes may include, for example,
power-on or start-up mode, reset mode, factory testing
mode, and/or another mode of operation.

Considering the case where the interface 20 1s a cable, the
orientations may include a first orientation (where connector
22 1s inserted into port 12 of the host system in what 1s
considered to be a normal orientation, as illustrated in FIG.
2B) and a second orientation (where connector 22 1s mserted
into port 12 1n what 1s considered to be a flipped orentation,
as shown 1n FIG. 2C). The states of the channels 210 may
be determined, for example, by detectors 250 coupled to the
signal path(s) 1n respective ones of the channels. The detec-
tors 250 may 1nput signals indicative of the states (e.g.,
voltage levels, signal patterns, etc.) of their respective chan-
nels into the controller 220 through lines 260. As discussed
in greater detail below, in one embodiment, the states of the
channels may indicate the presence or absence of one or
more termination resistors 1n the device connected to the
host system (redriver) through the interface 20. The con-
troller 220 compares the states of the channels to the
orientation information in the state table 222. Based on this
comparison, the state table outputs a signal 225 indicative of
the orientation of the cable. The comparison may be per-
formed, for example, by firmware, a state machine,
VMware, or another type of modeling or control software.

In another embodiment, controller 220 may include a
detector to detect the states of the channels. In this case, the
channels themselves may not include detectors 250. Instead,
the channel signals may be iput into the detector of the
control logic, and this detector may output the states of the
channels to state table 222 based on the detected signals. In
cither case (e.g., whether detectors in the channels or a
detector 1s 1n the control logic), the redriver 200 may be
considered to have at least one detector for detecting the
states of the channels. An example of a state table will be
discussed 1n greater detail below.

The signal generator 224 generates a number of signals
based on the orientation of the cable indicated by the state
table. For example, the signal generator may generate enable
and/or disable signals based on the cable orientation. When
enable signals are generated, the enable signals are input into
selected ones of the channels to maintain or change opera-
tion of the channel for purposes of carrying information
between the port and controller of the host system. For
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example, after the controller determines the orientation of
the cable, the controller may enable selected ones of the
channels (and 1ts associated circuits) for an anticipated
subsequent mode of operation (e.g., normal mode, high-
speed data mode, etc.) of the host system 10, the interface
20, and/or the device 30. In one embodiment, the enable
signals may not be output from the controller but rather
channels corresponding to the determined orientation may
be left in an operational or powered state.

When disable signals are generated, the disable signals
may be output on lines output from the signal generator 224
to change the operational state of selected ones of the
channels based on the determined orientation. This may
involve, for example, changing the channel (and 1ts atten-
dant circuits) to a low-power state or a turned-ofl state. The
disable signals may therefore prevent power {from being
unnecessarily consumed for circuits that are not to be used
given the connected orientation of the cable. This may be
especially beneficial when the host system or device is
operating 1n battery mode. In one embodiment, the control-
ler may only output the disable signals to selected ones of
the channels (e.g., the channels corresponding to a lane
which 1s not to be used given the determined cable orien-
tation) and the other lane(s) may be left 1n an operative state.

The signal generator 224 may also output a signal 280 to
inform the controller 16 of the host system 10 of the
determined orientation of the cable. The controller 16 may
then reconfigure one or more of the host system circuits
(e.g., multiplexers, etc.) to operate based on the cable
orientation. The cable orientation signal 280 1s especially
beneficial 1n cases where the host system 10 (or PD con-
troller) 1s unable to inform the redriver 200 of the cable
orientation 1n a timely manner after the cable 1s plugged 1n.
For example, there may be a finite time window within
which the host processor may accept (re)tlashing of its
internal memory after power on, reset, start-up, or another
mode. Consequently, 11 (re)tlashing does not occur within
this time window, then a malfunction may occur. In accor-
dance with one or more embodiments, the cable orientation
signal output from controller 220 may prevent such a
malfunction.

In one embodiment, the redriver 200 may always deter-
mine cable orientation at power-on, start-up, or reset and
then inform the host system. Additionally, or alternatively,
the controller 220 of the redriver may determine cable
orientation and/or otherwise control the state of the channels
(e.g., active, low-power, disabled/turn-ofl, etc.) in response
to a control signal from the controller 16 of the host
processor. This situation may apply, for example, when the
alorementioned malfunction occurs or when controller 16
otherwise determines that it 1s unable to detect cable orien-
tation after a suflicient time has passed.

In one embodiment, the redriver 200 may determine cable
orientation when a configuration signal indicative of cable
orientation 1s not received from the controller 16 of the host
system. Such a configuration signal may inform the redriver
of the cable orientation, for example, based on internal
soltware or other signals from the device received through
the channels or other signal lines. If the controller 220
determines that a predetermined time has passed after
power-on, entry into another mode, or another condition,
then the controller 220 of the redriver may detect the cable
orientation and, then, send the cable orientation signal to the
controller 16 of the host system.

In another embodiment, the redriver 200 may determine
cable orientation during factory testing of, for example, a
host platform or device (e.g., a mobile, portable, or other
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platform). If the orientation of a plugged-in cable 1s not
detected 1n a timely manner, a malfunction may occur,
especially during a period when the internal flash of the
system or device being tested has not yet been programmed.
Without determining the cable orientation, there may be no
way to configure the redriver at power-on reset (POR). To
prevent such a malfunction, controller 220 may receive a
signal indicating that the redrniver should determine the
orientation of the cable. This signal may be received from
the host system 10, the device 30, or testing equipment.

FIG. 3A illustrates an embodiment of the redriver 200
incorporated nto an integrated circuit chup. In this embodi-
ment, the lanes are coupled between differential mnput and
output lines 230 and 240 corresponding to some of the pins
350 of the chip. The pin configuration and its association
with the channels, controller 220, and other features of the
redriver may be determined, for example, based on the
specific type and/or communication protocol of the cable.
For example, the pin configuration and signal lines for a
USB-C cable may be different from the pin configuration
and signal lines for a FireWire, Thunderbolt, PCle, Display
Port, or other type of cable.

Referring to FIG. 3A, Lane 1 includes bidirectional
Channel 1 and unidirectional Channel 2, and Lane 2 includes
a unidirectional Channel 3 and a bidirectional Channel 4. In
the unmidirectional channels. The umidirectional channels
include a single pair of diflerential circuits connected 1n
series and coupled between the mput and output lines. The
differential circuits may include, for example, a recerver 310
and a transmitter 320. In one embodiment, the receiver 310
may perform an equalization operation to shape the incom-
ing differential signal to conform to an applicable standard
or protocol, and the transmitter may apply a gain to the
signal output from the receiver 310. The equalization and
gain may be fixed or may be values programmed or other-
wise controlled by the controller 220 of the redniver, for
example, based on operational mode. The equalization and
gain may compensate for distortion and losses experienced
by the signals traveling through the cable. In FIG. 3A, only
two lanes are shown. In another embodiment, the redriver
200 may include more than two lanes, each having a
structure similar to or diflerent from Lanes 1 and 2.

The bidirectional channels include a first pair of differ-
ential circuits coupled in parallel to a second pair of difler-
ential circuits between the same mput and output lines (and
pins) of the redriver. However, only one pair of the differ-
ential circuits 1s enabled (see circuits that have shading). The
other pair of diflerential circuits in each bidirectional chan-
nel are disabled (see unshaded circuits). The differential
circuits may be enabled or disabled based on signals
received from controller 220 through enable/disable mputs
380. Thus, in each lane, the enabled pair of differential
circuits 1n the bidirectional channel (Channel 1/Channel 4)
and the unidirectional channel (Channel 2/Channel 3) carry
signals 1n opposing directions. In this embodiment, the
channels include detectors 250, but a single detector may be
included 1n the controller 220 1n relation to an alternative
embodiment as previously described. Also, as previously
described, the controller 220 may output signals to the
channel circuits to selectively enable and disable the channel
circuits. The controller 220 may also output the cable
orientation signal 280 through one of the pins 350 and
receive signals from controller 16 of the host system and/or
device 30 through other ones of the pins 350.

The redriver circuit 200 may be implemented 1n various
ways to determine the orientation of interface 20, which for
the balance of this application will 1llustratively be referred
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as a cable. In a first implementation, the redriver 200
operates as a signal source and a signal measuring device. In

the second implementation, the redriver 200 operates as
operates as a signal measuring device for measuring signals
that have been externally generated.

First Implementation

The redriver 200 may operate as a signal source and a
signal measuring device 1n the first implementation. When
operating as a signal source, the controller 220 generates and
outputs a stimulus (e.g., 285 1 FIG. 2A) through one or
more predetermined pins. The stimulus travels through the
cable to the connected device 30, which includes termina-
tion resistors corresponding to the lanes. The termination
resistors are used to match impedance with the cable 1n order
to prevent signal reflections that could adversely aflect
performance. The stimulus applied by the controller 220
may take various forms. For example, the stimulus may be
an applied current, a specific type of waveform (e.g., low
level sine wave), or another signal or signal pattern associ-
ated with a predetermined transier function. The stimulus
may be applied on the data lines/pins or another pin/line
corresponding to the interface and device.

The termination resistors are coupled to respective capaci-
tors, which, 1n turn, control the line voltage state of corre-
sponding ones of the channels. Operating as a signal source,
the controller 220 of the redriver applies a current (or other
stimulus) to one or more pins which are connected to device
30 through the cable. In one embodiment, through one or
more pins which correspond to the signal lines 230 of the
channels or the stimulus may be applied through one or more
pins diflerent from the channel signal lines (e.g., 230 in FIG.
2A). In this latter case, the stimulus may trigger a signal
response on the channel lines, which may provide a basis for
determining the states of the channels.

The detectors 210 1n the redriver are used to detect the
presence or absence of termination resistors for the channels.
It device 30 1s connected through the cable, the detectors
will detect the termination resistors for one lane. If device 30
1s not connected through the cable, the detectors 210 will not
detect termination resistors for any of the lanes. If the
detectors 210 detect termination resistors for two or more
lanes, then additional information may be needed to resolve
this apparent discrepancy.

The presence or absence of termination resistors 1 any
given lane will affect the charge state of the capacitors (and
the line voltage) of the channels 1n that lane. For example,
if termination resistors are not detected for any lane, then 1t
may be assumed that cable 20 1s not connected to port 12 or
cable 20 1s connected but the device 30 1s not connected to
the other end of the cable or 1s not yet 1n a communicative
state. When no termination resistors are detected, then the
applied stimulus charges corresponding channel capacitors
and the cable capacitance at a relatively high rate. An
example of the channel capacitors 380, cable capacitance C,
and termination resistors T, are illustrated 1n FIG. 3B. The
detectors in the channels may output the line voltages for
respective ones ol the channels and/or the charge states of
the capacitors to the controller 220 to determine the charge
rate, and thus the connection state of the interface 20.

If termination resistors are detected for at least one
channel 1n a lane, then the termination resistors produce a
voltage divider eflect with an associated RC time constant.
The voltage divider eflect causes the channel capacitors to
charge at a relatively low rate. By measuring that the charge
rate of the capacitors for at least one lane 1s different from
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the charge rate of the capacitors in the other lane(s) after the
stimulus 1s applied, the controller 220 may determine that

device 30 has been connected to the host system 10 through
the cable.

When termination resistors are detected for one or more
lanes (and thus the device 1s determined to be connected),
the redriver 200 may operate as a signal measuring device to
determine the orientation of the cable. When termination
resistors are detected for at least one channel of at least one
lane, the presence of the termination resistor(s) will produce
a corresponding change 1n the voltage state of one or more
signal lines (e.g., 230 in FIG. 2A) of the channel(s). The
orientation of the cable may be determined based on pre-
determined combinations of channel states. An example of
a state table 222 relating these combinations to different
orientations will be discussed 1n greater detail below.

Second Implementation

The redriver 200 may operate as a signal measuring
device for measuring signals produced by a stimulus that 1s
externally generated in the second implementation. In this
case, the stimulus may be generated by the host system or
the device, mstead of the redriver, and the resulting states of
the channels are detected as a way of determining cable
orientation. In one embodiment, the states may correspond
to low frequency periodic signaling (LFPS), high frequency
signal loss (LLoS), or high-speed or high-frequency signaling
occurring on one or more lanes of the redriver chip. The
stimulus may be any stimul1 type mentioned with respect to
the first implementation.

FI1G. 4 illustrates an example of a state table 222 that may
be used to determine the orientation of the cable based on the
detected states of the channels. In this example, the state of
cach channel corresponds to whether a termination resistor
1s detected for that channel according to any of the signal
measuring implementations of the redriver previously dis-
cussed. If a far-end termination resistor 1s detected for a
channel, the state table will include a DETECTED desig-
nation. If a far-end termination resistor 1s not detected for a
channel, the state table will include a NOT DETECTED
designation. (The states may be thought of as corresponding
to the presence or absence of a channel signal (or a specific
type of channel signal) in some embodiments).

In the state table 222, the controller may receive a signal
through one or more pins to determine the mode of operation
that exists for the host system. The modes may include
power-up 1n any mode, power-up 1n a specific mode (e.g.,
USB3), reset mode, a low-power or deep power saving
mode (e.g., UO, Ul, etc.), a normal power mode, a high-
speed mode, a high-frequency mode, a compliance mode
(e.g., compliance with a protocol or standard), a non-
compliance mode, factory testing mode, or another mode of
operation of the host system and/or the connected device. In
one embodiment, the mode may be determined based on a
signal received through one or more pins of the redriver, e.g.,
a NVM/OTP bit or external pin. For a USB application, the
redriver may power up in a USB3 mode.

The state table 222 illustrates channel states for three
modes, but the channel may include a different number of
modes 1n another embodiment. The state table 222 also
shows the cable orientation corresponding to the channel
states 1n the diflerent modes. The cable orientation may, for
example, be programmed into the state table by a system
designer or may be dynamically determined 1n accordance
with the logic of the controller 220. In another embodiment,
the state table 222 may include states and associated modes
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and cable orientations for one or more additional lanes. The
information i the state table 222 1s provided with the
assumption that device 30 1s connected to the host system 10
through the interface 20.

The state table 222 may be described with reference to
FIGS. 5, 6, and 7.

In Mode 1, the state table indicates that the cable 1s 1n
normal orientation when termination resistors are detected
on Channels 1 and 2 of Lane 1 and no termination resistors
are detected on Channels 3 and 4 of Lane 2, as 1llustrated 1n
FIG. SA. The detection of a terminal resistor may corre-
spond to the detection of a predetermined line voltage or
other signal on the differential signals lines of a correspond-
ing channel. In the case of FIG. 5A, line voltages (or signals)
510 and 3520 indicative of the presence ol termination
resistors are detected or Channels 1 and 2 of Lane 1 and no
such line voltages are detected on Channels 3 and 4 of Lane
2.

The state table indicates that the cable 1s 1 tlipped
orientation when line voltages 530 and 540 (termination
resistors) are detected on Channels 3 and 4 of Lane 2 and no
line voltages (no termination resistors) are detected on
Channels 1 and 2 of Lane 1, as illustrated in FIG. 5B. In
either case, the signals on both channels are carried 1n
opposing directions and may be, for example, handshaking
signals mdicative of LEPS or LoS activity. Mode 1 may be
any of the modes previously described, but 1n this example
may be a USB-UO mode.

In Mode 2, the state table indicates that the cable 1s 1n
normal orientation when a line voltage 610 or 620 (termi-
nation resistor) 1s detected on one channel of Lane 1 and no
such line voltages (termination resistors) are detected on the
channels of Lane 2 during a timer period, as illustrated 1n
FIGS. 6 A and 6B. The state table 222 indicates that the cable
1s 1 thipped orientation when a line voltage 630 or 640
(termination resistor) 1s detected on one channel of Lane 2
and no such line voltages (termination resistors) are detected
on the channels of Lane 1 during a timer period, as 1llus-
trated 1 FIGS. 6C and 6D. The timer periods for both lanes
may be the same or different and may be predetermined
periods corresponding, for example, to a span of time for
entering a compliance mode of a predetermined cable or
communication protocol. The timer period may be deter-
mined by timer 226 1n controller 220 of FIG. 2A. Mode 2
may be any of the modes previously described, but 1n this
example may be a mode just prior to the compliance mode.

In Mode 3, the state table indicates that the cable 1s 1n
normal orientation when line voltages 710 and 720 (termi-
nation resistors) are detected on both channels of Lane 1. In
this case, a line voltage 730 or 740 (termination resistor) 1s
also detected on one channel but not on the other channel of
Lane 2, as illustrated FIGS. 7A and 7B. The line voltage
(termination resistor) on the channel of Lane 2 may be
considered a non-compliant condition of the system, e.g., a
spurious signal, noise, or other signal corresponding to an
abnormal situation or a non-protocol-complying condition.
In spite of this anomalous condition, state table skews
towards the normal orientation because of the exchange of
(e.g., handshake of) signals on the channels of Lane 1.

The state table indicates that the cable 1s 1n a tlipped
orientation when signals 750 and 760 are detected on both
channels of Lane 2. In this case, a signal 770 or 780 1s also
detected on one channel but not on the other channel of Lane
1, as 1llustrated FIGS. 7C and 7D. The signal on the channel
of Lane 1 may be considered a non-compliant condition of
the system, e.g., a spurious signal, noise, or other signal
corresponding to an abnormal situation or a non-protocol-
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complying condition. In spite of this anomalous condition,
state table skews towards the thpped orientation because of

the exchange of (e.g., handshake of) signals on the channels
of Lane 2.

With four channels and two cable orientations, 1t 1s
apparent that there 1s a total of sixteen possible state com-
binations. The state table 322 only lists ten of the sixteen.
The other six state combinations may correspond to situa-
tions where the cable orientation may not reliably be deter-
mined or whether addition criterta must be taken into
consideration to determine the cable orientation. The con-
troller 220 may generate a failure signal when any of the
other si1x state combinations are detected.

In one or more embodiments, the channels or lanes that
are not being used 1n each orientation may be turned off or
otherwise rendered inactive by controller 220 in order to
save power. In one embodiment, both channels of both lanes
may be enabled at the same time, for example, 11 handshak-
ing signals are detected to be exchanged on both lanes. Also,
in one embodiment, a state table different from the one
illustrated 1n FIG. 4 may be used by the controller of the
redriver to determine cable orientation.

FIG. 8 shows an embodiment of a method for determining,
the orientation of an interface, such as interface 20 described
in connection with the atorementioned embodiments. In one
embodiment, this method may be performed, for example,
based on state table 222 of FIG. 4 relative to features
illustrated 1n FIGS. 1-7. In another embodiment, the method
may be performed based on a different state table and/or
based on features different from those illustrated 1n FIGS. 1
to 7. For 1llustrative purposes, 1t 1s assumed that interface 20
1s a cable.

In operation 810, connection of the cable to a port of the
host system 1s detected. This may be performed, for
example, based on a stimulus applied to one or more pins
corresponding to the cable or based on an externally gen-
erated signal from the device or host system. Such an
externally applied signal may be received, for example, on
a predetermined pin of the redniver.

In operation 820, the mode of operation of the host system
and/or the connected device 1s detected. This may be per-
formed, for example, based on a signal received from the
controller 16 of the host system or the connected device
through one or more pins of the redriver. The mode of
operation may be any of the types of modes previously
mentioned.

In operation 830, the channel states of the lanes of the
redriver are detected. This may be performed, for example,
based on the detector(s) previously described with reference
to FIG. 2A. The channel signals provide an indication of the
channel states, which, 1n turn, may be used as a basis for
determining cable orientation by the redriver.

In operation 840, the channel states are compared 1n a
state table based on the detected mode of operation. The
comparison may be performed by a state machine or other
logic of the controller 220 of the redriver. As previously
indicated, the state table may be the one illustrated 1n FIG.
4 or another state table.

In operation 850, the onentation of the cable 1s deter-
mined based on the output of the state table. Depending on
the operational mode, operation 850 may be performed
using the timer 226 to determine, for example, the time
period for compliance.

In operation 860, the controller of the redrniver may
generate and output a cable orientation signal to the host
system or device, or both. The host system or device may
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reconfigure 1ts circuits (e.g., multiplexers, etc.), 1f appli-
cable, to correspond to the cable orientation.

In accordance with one or more embodiments, a redriver
detects the orientation of a cable or other interface coupled
to a host system, a device, or both. The redriver may perform
this operation, for example, when the host system does not
inform the redriver of the cable ornientation within a prede-
termined time period. In this case, the redriver informs the
host system of the cable orientation, thereby preventing a
system malfunction or error condition. The host system may
also turn ofl power to circuits that are not used to perform
signaling based on the detected orientation of the cable. By
detecting the cable ornentation, the redriver 1s able to
improve operation of the host system while reducing power
consumption.

The processors, controllers, detectors, or other signal
processing or signal generating features of the embodiments
disclosed herein may be implemented in logic which, for
example, may include hardware, software, or both. When
implemented at least partially in hardware, the processors,
controllers, detectors, state machines, state tables, or other
processing features may be, for example, any one of a
variety of itegrated circuits including but not limited to an
application-specific integrated circuit, a field-programmable
gate array, a combination of logic gates, a system-on-chip,
a microprocessor, or another type of processing or control
circuit.

When implemented at least partially in software, the
processors, controllers, detectors, state machines, state
tables, or other processing features may include, for
example, a memory or other storage device for storing code
or mstructions to be executed, for example, by a computer,
processor, microprocessor, controller, or other signal pro-
cessing device. The computer, processor, miCroprocessor,
controller, or other signal processing device may be those
described herein or one 1n addition to the elements described
herein. Because the algorithms that form the basis of the
methods (or operations of the computer, processor, micro-
processor, controller, or other signal processing device) are
described 1n detail, the code or instructions for implement-
ing the operations of the embodiments may transform the
computer, processor, controller, or other signal processing
device 1nto a special-purpose processor for performing the
methods described herein.

Another embodiment may include a computer-readable
medium, e.g., a non-transitory computer-readable medium,
for storing the code or instructions described above. The
computer-readable medium may be a volatile or non-volatile
memory or other storage device, which may be removably
or fixedly coupled to the computer, processor, controller, or
other signal processing device which is to execute the code
or 1nstructions for performing the operations of the embodi-
ments herein.

Although the various exemplary embodiments have been
described 1n detail with particular reference to certain exems-
plary aspects thereof, i1t should be understood that the
invention 1s capable of other example embodiments and 1ts
details are capable of modifications i1n various obvious
respects. As 1s readily apparent to those skilled in the art,
variations and modifications can be atlected while remaining,

within the spirit and scope of the invention. Accordingly, the
foregoing disclosure, description, and figures are for 1llus-
trative purposes only and do not in any way limit the
invention, which 1s defined only by the claims.
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We claim:

1. A host system comprising:

a plurality of channels configured to be coupled to an
interface, wherein each of the plurality of channels has
a channel capacitor;

a plurality of detectors coupled to the plurality of chan-
nels, wherein the plurality of detectors are configured
to output respective line voltages on the plurality of
channels and measure charge rates of the channel
capacitors to detect the presence or absence of termi-
nation resistors coupled to the respective channel
capacitors; and

a controller configured to determine an orientation of the
interface based on states detected by the plurality of
detectors based upon the detected presence or absence
of the termination resistors coupled to the respective
channel capacitors by comparing the measured charge
rates of the channel capacitors to charge rates of the
channel capacitors when the termination resistors are
absent, the controller configured to determine that the
interface 1s 1n a normal orientation when a first com-
bination of termination resistors 1s detected for the
plurality of channels and to determine that the interface
1s 1n a second orientation when a second combination
of termination resistors 1s detected for the plurality of
channels, wherein the second orientation of the inter-
face 1s a thipped version of the normal orientation of the
interface.

2. The host system of claim 1, wherein:

a first lane includes first and second channels of the
plurality of channels, and

a second lane includes third and fourth channels of the
plurality of channels, and the host system includes at
least two lanes including the first lane and the second
lane.

3. The host system of claim 2, wherein a first combination

ol states includes:

the first channel and the second channel having a first
state; and

the third channel and the fourth channel having a second
state.

4. The host system of claim 3, wherein a second combi-

nation of states includes:

the first channel and the second channel having the second

state; and
the third channel and the fourth channel having the first
state.

5. The host system of claim 2, wherein a first combination
ol states includes:
the first channel having a first state and the second, third,
and fourth channels having a second state after a timer
period has expired; or
the second channel having the first state and the first,
third, and fourth channels having the second state after
the timer period has expired.
6. The host system of claam S, wherein the second
combination of states includes:
the third channel having the first state and the first,
second, and fourth channels having the second state
alter the timer period has expired; or
the fourth channel having the first state and the first,
second, and third channels having the second state after
the timer period has expired.
7. The host system of claim 2, wherein a first combination
ol states includes:
the first, second, and third channels 1n a first state and the
fourth channel 1n a second state; or
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the first, second, and fourth channels 1n the first state and

the third channel 1n the second state.

8. The host system of claim 7, wherein the second
combination of states includes:

the first, third, and fourth channels in the first state and the

second channel 1n the second state; or

the second, third, and fourth channels 1n the first state and

the first channel 1n the second state.

9. The host system of claim 1, wherein the controller 1s
configured to output a stimulus and the plurality of detectors
are configured to detect the states in response to the stimu-
lus.

10. The host system of claim 1, wherein the plurality of
detectors are configured to detect the states 1n response to an
externally applied stimulus.

11. The host system of claim 10, wherein the plurality of
detectors are configured to detect the states 1n response to
low frequency periodic signals (LFPS) or Loss of Signal
(LoS) signals.

12. The host system of claim 1, wherein the controller 1s
configured to output at least one control signal to disable one
or more of the plurality of channels not 1n use for the normal
orientation or the second orientation.

13. The host system of claim 1, wherein the controller 1s
configured to output a notification signal to a processor or
controller of a host, the notification signal indicating that the
interface 1s 1n the normal orientation or the second orienta-
tion.

14. The host system of claim 1, wherein:

cach of the first and second combinations of states

includes a first state and a second state:

the first state corresponds to detection of a terminal

resistor; and

the second state corresponds to when the terminal resistor

1s not detected.

15. The host system of claim 1, wherein the interface 1s a
USB-C cable.

16. A method, comprising:

detecting, by a detector, states of a plurality of channels

corresponding to an interface between a host system
and a device, wherein each of the plurality of channels
has a channel capacitor and detecting the states of the
plurality of channels includes:
outputting respective line voltages on the plurality of
channels; and
measuring charge rates of the channel capacitors to
detect the presence or absence of termination resis-
tors coupled to respective channel capacitors;
determining an orientation of the interface based on states
detected by the plurality of detectors based upon the
detected presence or absence of the termination resis-
tors coupled to the respective channel capacitors by
comparing the measured charge rates of the channel
capacitors to charge rates of the channel capacitors
when the termination resistors are absent:
determiming that the interface has a normal orientation 1n
response to detecting a first combination of termination
resistors for the plurality of channels; and
determining that the interface has a second orientation 1n
response to detecting a second combination of termi-
nation resistors for the plurality of channels, wherein
the second onentation of the interface 1s a tlipped
version ol the normal orientation of the interface.
17. The method of claim 16, wherein:
cach of a first combination of states and the second
combination of states includes a first state and a second
state;
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the first state corresponds to detection of a terminal
resistor; and

the second state corresponds to when the terminal resistor
1s not detected.

18. The host system of claim 1, comprising:

a state table storing information relating a first combina-
tion of channel states to a normal orientation of the
interface and a second combination of channel states to
a second orientation of the interface.

19. The host system of claim 18, wherein the controller 1s
configured to output a notification signal to a processor or
controller of the host system indicating that the interface 1s
in the normal orientation or the second orientation.
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